BIOPSY ANCHOR DEVICE WITH CUTTER 



CROSS-REFERENCE TO RELATED APPLICATIONS 

The present invention is a continuation-in-part of United States Patent 
Applications Serial Nos. 09/057,303 for "Breast Biopsy System and Method," filed on 
April 8, 1998, 09/146,185 for "Methods and Apparatus for Securing Medical Instruments 
to Desired Locations in a patient's Body," filed on September 1, 1998, 09/159,467 for 
"Electrosurgical Biopsy Device and Method," filed on September 23, 1998, 09/238,965 
"Tissue Specimen Destruction Device and Method Thereof," filed on January 27, 1999, 
09/356,187 for "Electrosurgical Lesion Location Device," filed on July 16, 1999, and 
09/477,255 for "Apparatus and Method for Accessing a Biopsy Site," filed on January 4, 
2000, all assigned to the assignee of the subject application, which are each hereby 
incorporated by reference in their entirety, and from each of which priority is claimed 
under 35 ll.S.C. 120. 

FIELD OF THE INVENTION 

The present invention relates generally to the field of surgical biopsy instruments 
and methods. More specifically, it relates to devices and methods for electrosurgically 
accessing a pathologically suspect tissue mass within a patient's body, anchoring the 
device relative to the suspect tissue, and cutting tissue so as to isolate the suspect 
tissue and to facilitate the taking of a biopsy sample of the tissue mass, as well as to 
facilitate subsequent surgical procedures in the region of the tissue mass. 
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BACKGROUND OF THE INVENTION 



In diagnosing and treating certain medical conditions, such as potentially 
cancerous tumors, it may be desirable to perform a biopsy, in which a specimen of the 
suspicious tissue is removed for pathological examination and analysis. In many 
instances, the suspicious tissue is located at a subcutaneous site, such as inside a 
human breast. To minimize surgical intrusion into a patient's body, it is desirable to be 
able to insert a small instrument into the body to gain access to the desired location for 
inspection and for extraction of a biopsy specimen. 

Body tissue is often deformable, so that insertion of a needle or other device into 
a patient's tissues will often deform or displace the tissue through which the needle or 
other device moves. Tissues of interest, such as nodules, masses, tumors and the like, 
which are typically the desired targets of a biopsy sample, may be readily displaced, 
pushed aside or otherwise deformed during biopsy procedures, making it likely that 
some or all of the desired target tissue may be missed during the biopsy procedure, 
thereby increasing the likelihood of misdiagnosis of the condition that led to the need for 
the biopsy. 

In extraction of a biopsy specimen with a probe, it may be desirable to anchor 
the probe in a desired position so as to insure that the probe remains in a proper 
position relative to the suspect tissue during manipulations and activities before and 
during the actual acquisition of the biopsy sample. In addition, it may be desirable to 
isolate tissue from neighboring healthy tissue in order to ensure that no diseased or 
abnormal tissue remains outside the sampled volume. Thus, the volume of tissue 
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isolated may be larger than the minimum necessary so as to obtain margins of tissue 
free of disease for pathological diagnosis. 

Electrosurgical techniques have been used in a variety of circumstances, 
including certain types of biopsy procedures. In electrosurgery, high frequency 
electrical energy is applied through a primary electrode to patient tissue. The electrical 
energy flows through the tissue to a return electrode that is in contact with the patent's 
tissue. Typically, the return electrode is attached to the patient at a point remote from 
where the primary electrode contacts the tissue. The tissue adjacent the primary 
electrode is ablated, to form an opening in the tissue. 

When electrically activated, the electrode ablates the tissue adjacent the 
electrode, to produce a tissue opening which provides access to tissue to be taken in a 
biopsy sample. Guidance of the electrode tip to the desired site within a patient's body 
may be through stereotactic, radiological, ultrasonic, magnetic resonance imaging 
(MRf), or other means. However, there is frequently a delay between the positioning of 
the device and the taking of the biopsy sample, so that the device or tissue may move 

and prevent acquisition of the desired tissue. Accordingly, there is need in the art for 

* 

means to mark a target site within a patient's body and for means to anchor the biopsy 
device in a proper location. 

The tissue to be sampled or removed from the patient will often comprise a 
volume larger than the volume of the biopsy probe to obtain disease-free margins for 
pathological diagnosis. Accordingly, means for obtaining tissue samples larger than the 
probe itself are desired. In addition, it is of clinical interest to determine the extent of a 
diseased or abnormal portion of the tissue, and it is often desired that a border of 
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normal tissue, surrounding any abnormal tissue present, be removed as well. It is 
further desired that the tissue to be removed be isolated from the body to prevent 
migration of diseased or abnormal tissue into other locations of the patient's body. 

Accordingly, there is need in the art for devices and methods for accessing a 
desired site within a patient's body without displacing target body tissue, for anchoring 
devices at a desired site to prevent movement of such devices after arrival at a desired 
site, for isolating tissue, and for taking biopsy specimens from a patient. 

SUMMARY OF THE INVENTION 

The present invention is directed to systems, devices and methods for accessing 
target tissue within a patient, for isolating a body of target tissue from its supporting 
bed, for performing a lumpectomy, for performing a biopsy, and for obtaining biopsy 
tissue. Accordingly, the present invention provides systems, devices and methods 
providing access to a desired subcutaneous site for target tissue within a patient's body 
and for isolating such target tissue from a supporting tissue bed. 

In one embodiment, a device having features of the invention has an elongated 
shaft having a distal end, a proximal end and a longitudinal axis. An electrosurgical 
electrode is secured to the distal end of the shaft with a first electrical conductor 
extending within the shaft having a distal end electrically connected to the 
electrosurgical electrode and a proximal end configured to be electrically connected to a 
high frequency electrical power source. An anchoring mechanism is located proximal to 
the distal end; and a side-cutting mechanism having a cutting element configured to be 
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rotated about the longitudinal axis of the shaft and thereby isolate a body of target 
tissue. 

In another embodiment, the invention is a biopsy device for obtaining target 
tissue within a patient. In such an embodiment, it has an elongated shaft that has distal 
and proximal ends and a longitudinal axis; with an electrosurgical electrode secured to 
the distal end of the shaft. A device of this embodiment also has an electrical 
conductor extending within the shaft that is electrically connected at opposite ends to 
the electrosurgical electrode and to an electrical power source. The device also has an 
anchoring mechanism and a side-cutting mechanism having a cutting element. The 
cutting element is configured to be rotated about the longitudinal axis of the shaft and 
so to isolate a body of target tissue. 

In yet a further embodiment, the invention is a device for performing a 
lumpectomy in a patient's breast It has an elongated shaft with an electrosurgical 
electrode secured to the distal end of the shaft and an electrical conductor extending 
within the shaft that is electrically connected to the electrosurgical electrode and to an 
electrical power source. The device of this embodiment has an anchoring mechanism 
located and a side-cutting mechanism having a cutting element that can be rotated 
about the longitudinal axis of the shaft to isolate a body of target tissue for removal. 

In another embodiment, the invention provides a method for accessing target 
tissue at a desired site within a patient and isolating a body of target tissue. This 
method includes the steps of providing a device of the invention, contacting a patient's 
body with the device, and supplying high frequency electrical current to the 
electrosurgical electrode while advancing the device into the patient and through the 
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site of target tissue. The method also includes steps of an anchoring mechanism to 
penetrate the surface of the target tissue in order to fix the device at the target tissue 
site. In addition, the method provides for expanding the cutting element of the side- 
cutting mechanism into the target tissue and rotating the cutting element to cut a body 
5 of target tissue. 

in a further embodiment, the invention provides methods for performing a biopsy 
on target tissue at a desired site within a patient, and of performing a lumpectomy on a 
Ut breast of a patient. The methods include providing a device of the invention, 

O positioning the electrosurgical electrode of the device in contact with the patient's body, 

tjf 

fito supplying high frequency electrical current to the electrosurgical electrode while 

W advancing at least a portion of the shaft through the site of target tissue, expanding an 

W 

anchoring mechanism to fix the device at the target tissue site, expanding the cutting 
p element of the side-cutting mechanism, rotating the cutting element to form a body of 
5 target tissue, and withdrawing the device with the body of target tissue from the patient. 

m 

15 In one embodiment, the device of the invention has an elongated shaft with an 

electrosurgical electrode effective to cut through tissue and to provide access to target 
tissue within a patient's body. The electrosurgical electrode is configured to be 
electrically connected to an electrical power source. An anchoring mechanism is 
provided to engage the target tissue and thereby anchor the device with respect to such 

20 target tissue A side-cutting mechanism is configured to cut a body of target tissue so 
as to isolate the target tissue from its supporting bed. 

In one presently preferred embodiment the side-cutting mechanism includes an 
elongated electrode oriented along the elongated shaft with one end distal to the 



Docket No. 26684-1190 



-6~ 



anchoring mechanism and one end proximal to the anchoring mechanism. In this 
fashion the elongated electrode can isolate the target tissue. An electrical conductor 
extends within the elongated shaft of the device to connect to the elongated electrode 
of the side-cutting mechanism to an electrical power source. Preferably, a single 
5 electrical power source powers both the electrosurgical electrode and the elongated 
electrode of the side-cutting mechanism although the current frequency and power 
requirements may be different for the two electrodes, 
b The anchoring mechanism is an elongated member or preferably a plurality of 

u\ elongated members such as wires or ribbons which can be advanced generally radially 

tn 

VST " 

jfio away from the elongated shaft into the body of target tissue to fix the location of the 
P device with respect to the target tissue. The elongated members should be curved 

5 outwardly to engage the surface of the target tissue. To facilitate entry of the elongated 

fU 

y members into the body of target tissue, in a preferred embodiment the tips are sharp. 

W In other embodiments, the elongated members may be formed of electrically conductive 
15 material and high frequency electrical current may be applied to the elongated 

members. Facilitating entry of the elongated members into tissue eliminates the tenting 
effects which may occur when the tip of an elongated member contacts the surface of 
the target tissue and applies pressure thereto. The elongated members of the 
anchoring mechanism preferably should be movably mounted to the elongated shaft, so 
20 that they may be in a retracted configuration when the device is advanced through the 
patient's tissue or when the device is rotated to cut and isolate a body of target tissue, 
and may be extended generally radially to an expanded configuration to engage the 
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target tissue as desired, before cutting and isolation of a body of target tissue and after 
such cutting and isolation. 

The electrical power source is preferably a high frequency, e.g. a radio a 
frequency (RF), electrical power source. The frequency of the current directed to the 
elongated electrode of the side-cutting mechanism may be, and is preferably greater 
than the frequency of the current directed to the electrosurgical electrode on the distal 
end of the elongated shaft and the elongated members of the anchoring mechanism. 
For obtaining a biopsy from soft tissue such a breast tissue the electrical energy is 
provided in a frequency range of about 0.1 MHz to about 10 MHz. In one presently 
preferred embodiment, the electrical energy is provided to the electrosurgical electrode 
or the anchoring mechanism, or both, in a frequency range of about 0.3 to about 1.5 
MHz, preferably about 0.8 MHz. In another presently preferred embodiment, the 
electrical energy is provided to the elongated electrode of the side-cutting mechanism in 
a frequency range of about 0.5 to about 10 MHz, preferably about 2.5 to about 7.5 
MHz, typically about 5 MHz. 

A biopsy entails removal of diseased tissue, as in a lumpectomy. A biopsy may 
be performed using the device of the invention by directing high frequency electrical 
current to the electrosurgical electrode on the distal end of the device while pressing the 
electrosurgical electrode of the device into the patient's tissue. The electrosurgical 
electrode and the distal end of the device to which it is secured readily passes through 
the tissue, making a cut therethrough with little or no heat affected zone at the cut 
surfaces of the tissue through which the device passes. The distal end of the device 
may be guided through the patient's tissue by an imaging system such as an ultrasonic 
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or x-ray imaging system until the anchoring and side-cutting mechanisms are at a 
desired location within the target tissue. The elongated members of the preferred 
anchoring mechanism are then advanced out of their contracted configuration so that 
the distal ends thereof penetrate into the target tissue. The passage of the distal ends 
of the elongated members is greatly facilitated by directing high frequency electrical 
current through the members. The anchoring elements of the anchoring mechanism in 
their expanded configuration fix the device with respect to the target tissue. 

The device is now ready to cut a body of tissue from the desired location. To do 
this, the elongated electrode of the side-cutting mechanism, preferably an arcuate 
electrode, is expanded outwardly while directing high frequency electrical current 
through the electrode making a longitudinal radial cut through the target tissue. In a 
preferred embodiment, the elements of the anchoring mechanism are then retracted, 
that is, replaced within or along the elongated shaft so that they are no longer in their 
deployed configuration, after the side-cutting electrode is deployed but before the side- 
cutting has begun cutting the margins of the tissue to be removed. At this point, 
preferably with the anchoring mechanism retracted, the expanded side-cutting electrode 
is then rotated about the longitudinal axis of the device while high frequency current is 
supplied thereto to separate and isolate a body of target tissue. In a preferred 
embodiment, the expanded side-cutting electrode rotates completely around the 
longitudinal axis of the device. In a most preferred embodiment, the expanded side- 
cutting electrode rotates more than 360°, preferably 360° plus about an additional 45°, 
thus insuring that a body of target tissue is entirely isolated from its supporting bed of 
body tissue, and that the final position of the side-cutting electrode is not directly over 
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the slot created in the tissue as the side-cutting electrode expands outwardly during 
deployment. 

The resulting separated and isolated body of target tissue is substantially in the 
f 

sY . i rounded shape generated by revolving a 

Qjc S oil -h 7 

st * the shape of a spheroid is meant that the 

sf- . e.g., roughly spherical, or elliptical, but may 

have an irregular shape that only generally approximates a spheroid. For example, the 
shape of the isolated body of tissue may be roughly cylindrical or conical. 

The side-cutting electrode is thus effective to cut and isolate a body of tissue. 
SO Following separation and isolation of the a body of target tissue, the elements of the 
anchoring mechanism may be redeployed, and the device may then be removed from 
the body of the patient along with the isolated body of target tissue fixed by the 
anchoring members. In preferred embodiments, the side-cutting electrode, without 
being supplied with RF power, is partly retracted to aid in anchoring the isolated body of 
15 target tissue. A specimen substantially in the shape of a spheroid, such as, e.g., a 
rounded, substantially spherical or elliptical specimen, containing target tissue isolated 
by an arcuately shaped electrode greatly simplifies the pathological examination of the 
specimen both at its center and margins. 

For removal of diseased tissue such as breast cancer, the size of the body of 
20 target tissue to be removed is usually selected to be significantly larger than the 
diseased tissue to ensure than all of the diseased tissue is removed. Where an 
isolated body of targe ^ to have healthy tissue surrounding more 
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centrally-located diseased tissue, a pathologist may more easily determine whether or 
not it is likely that any diseased tissue remains in the patient's body. 

An advantage of the present invention is that it provides a roughly spherical 
specimen of target tissue. A roughly spherical specimen is easily examined to detect 
the presence and extent of diseased tissue. If the tissue within the specimen is found 
to be in fact diseased, e.g. to contain a carcinoma, then the entire surface of the 
roughly spherical specimen should be examined to be sure that there is no diseased 
tissue at the specimen margins. If the margins are free of diseased tissue, then the 
physician can be reasonably assured that all of the diseased tissue has been removed. 
Alternatively, the presence of diseased tissue at the margins of the specimen suggests 
that additional diseased tissue may remain within the patient's body. 

After removing the target tissue samples or diseased tissues, additional 
procedures may be performed at the biopsy site or site of diseased tissue. For 
example, it may be desirable to cauterize, coagulate or otherwise treat the resulting 
cavity to stop bleeding and reduce the risk of infection or other complications. Where 
tissue isolation is performed, electrosurgical coagulation may be performed before or 
after removing the tissue specimen from the patient. Also, it may be advantageous to 
mark the site for future surgical procedures should pathological tests performed on the 
biopsy specimen indicate surgical removal or other treatment of the suspected tissue 
mass from which the specimen was removed. Such marking can be performed, for 
example, by the apparatus and method disclosed and claimed in co-pending U.S. 
Patent Application Serial No. 09/343,975, filed June 30, 1999, entitled "Biopsy Site 
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Marker and Process and Apparatus for Applying It," which is hereby incorporated by 
reference in its entirety. 

The devices and methods of the invention provide the advantage of anchoring 
the device at a target location, avoiding movement after a site of interest has been 
identified within the body of a patient. A further advantage is provided by the ability of 
the device to cut a body of tissue from that correct location, without needing to position 
a separate instrument at the site. In addition, the present invention provides a roughly 
spherical specimen of target tissue, which by its shape is easily examined to detect the 
presence and extent of diseased tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of a tissue removing system illustrating features of 
the invention. 

Figure 2 provides perspective views of the wand shown in Figure 1 with alternate 
markings; 2A shows a device with radial wires and side-cutting wire electrode retracted; 
2B shows a device with radial wires extended; 2C shows a device with radial wires and 
side-cutting electrode extended; and 2D shows a device with the side-cutting electrode 
extended. 

Figure 3 provides perspective views of the wand shown in Figure 1 and a manual 
handle illustrating features of the invention. 3A shows a wand with radial wires and 
side-cutting electrode retracted; 3B shows a wand with radial wires and side-cutting 
electrode extended. 3C and 3D are partially cut-away views of a handle embodying 
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features of the invention, showing a plunger mechanism embodying features of the 
invention with a plunger extended (3C) and depressed (3D). 

Figure 4 provides perspective and a partly cut-away perspective views of the 
distal portion of the wand of Figure 1 embodying features of the invention. Figure 4A is 
a partly cut-away perspective view of the distal tip of the wand particularly showing an 
electrosurgical electrode. Figures 4B and 4C are perspective views of the distal portion 
of the wand showing extended radial wires and an extended side-cutting electrode 
illustrating features of the invention. 

Figure 5 provides cross-sectional views of the shaft of the wand of Figure 1 
embodying features of the invention. 5A and 5C are longitudinal cross-sectional views 
of the shaft, and 5B, and 5D-F are transverse cross-sectional views of the shaft of the 
wand embodying features of the invention. 

Figure 6 provides cross-sectional views of the shaft of the wand of Figure 1 
illustrating features of the invention. 6A and 6C are longitudinal cross-sectional views, 
and 6B and 6D are transverse cross-sectional views, of the shaft of the wand illustrating 
features of the invention showing a side-cutting electrode in retracted (6A, 6B) and 

c 

extended (6C, 6D) configurations. 

Figure 7 is a perspective view of devices illustrating features of the invention. 
Figure 8 provides a partially cut-away perspective view of a surgeon's disposable 

unit illustrating features of the invention. 

Figure 9 is a cross-sectional view of a breast of a patient undergoing a clinical 
procedure embodying features of a method of the invention, showing a distal portion of 
a device embodying features of the invention. 
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Figure 10 provides partially cut-away side-views of the wand of Figure 1 
embodying features of the invention and transverse cross-sectional views of the wand 
and breast tissue during a procedure embodying features of the methods of the 
invention. Fig. 10A-10D, and 10G are partially cut-away side-views of the wand. Figs. 
5 10E-10F are transverse cross-sectional views of the wand and breast tissue during a 
procedure embodying features of the methods of the invention. 



W comprising an electrosurgical device, or wand, 1 10, a surgeon's disposable unit 120, 
pf and a motor unit 130. These devices may be used to access target tissue within a 

f& if 

l% patient, to isolate a body of target tissue from its supporting bed, to perform a biopsy on 
fjj target tissue at a desired site within a patient, or to perform a lumpectomy on a breast 
15 of a patient. When assembled together, the devices form a system for accessing tissue 
within a patient's body, including, in various aspects, a biopsy system and a 
lumpectomy system. These systems further comprise devices for anchoring tissue that 
has been accessed, or for ablating tissue that has been accessed. A portion of wand 
110 is illustrated in Figure 1 The wand 110 comprises an electrosurgical device that 
20 includes a distal tip 12 situated at the distal portion 16 of a shaft 14. Situated near the 
distal tip 12 of the shaft 14 is an electrosurgical electrode 18. Shaft 14 has a 
longitudinal axis 24 that is effective to define a radial direction 26 perpendicular to 
longitudinal axis 24. The anchoring mechanism may be comprised of anchor elements, 




numerals. Reference is made to Figure 1, showing a system of the invention 10 



DETAILED DESCRIPTION OF THE INVENTION 



In Figure 1 and in all succeeding figures, like elements are indicated by like 
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such as metallic wires or ribbons, extending radially (that is, extending at least in part in 
a radial direction 26) from shaft 14; similarly, the ablation mechanism may be 
comprised of ablation elements, such as metallic wires or ribbons, extending at least in 
part radially from shaft 14, the metallic wires or ribbons of an ablation mechanism 
preferably being longer than those of an anchoring mechanism. An anchoring 
mechanism may be capable of serving also as an ablation mechanism where it is used 
during rotary motion of the device or where sufficient electrical power is conducted to 
the metallic ribbons or wires. The radial wires 20 shown in the Figures thus illustrate 
either an anchoring mechanism or an ablation mechanism or both. Radial wires 20 
emerge from radial wire slots 22 situated at a position proximal to the distal tip 12 along 
shaft 14. Although the radial wires 20 are shown in Figure 1 deployed in their extended 
configurations, it will be understood that they may also retract into slots 22 in their 
retracted configuration, as is shown in subsequent Figures. 

The devices of the invention also comprise a side-cutting mechanism. A side- 
cutting mechanism is illustrated in the Figures as side-cutting electrode 28, comprising 
an arcuate band or ribbon electrode when deployed in its extended configuration. 
Thus, a side-cutting mechanism of the invention is shown in Figure 1 as side-cutting 
electrode 28 effective for cutting tissue and for isolating tissue in a patient. Side-cutting 
electrode 28 lies along shaft 14 when retracted and assumes an arcuate configuration 
when deployed (as, e.g., illustrated in Figure 1). However, it will be understood that in 
other embodiments of the invention side-cutting electrode 28 may be provided with a 
slot into which it may be retracted. 
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Surgeon's disposable unit 120 is effective to engage and hold wand 110, and to 
work together with it. Both wand 1 10 and surgeon's disposable unit 120 are preferably 
sterile. In preferred embodiments, wand 1 10 and surgeon's disposable unit 120 are not 
reusable, but are instead meant to be used for one procedure only. Surgeon's 
disposable unit 120 is operably connected to RF power source 34 and ground plate 36 
via cable assembly 37, the cable assembly 37 comprising at least one conductor 
effective to carry RF power. In preferred embodiments, cable 37 is connected to RF 
power unit 34 via a plug-in connection, so that surgeon's disposable unit 120 and RF 
power unit 34 may be readily connected or disconnected as desired. In most preferred 
embodiments, the cable is adapted to provide for efficient transfer of RF power to the 
wand, by impedance matching, capacitance minimization, or other means for 
maximizing the efficiency of RF power transfer. Electrical contact between surgeon's 
disposable unit 120 and wand 110 when wand 110 is seated in and held by surgeon's 
disposable unit 120 is effective to provide wand 110 with RF power from RF power 
source 34. Such RF power may be supplied to electrosurgical electrode 18, to radial 
wires 20 and to side-cutting electrode 28 via at least one conductor in wand 110. 

« 

Effective electrical contact between ground plate 36 and the patient is provided during a 
clinical or surgical procedure by placement of ground plate 36 in contact with the 
patient. Electrical contact between ground plate 36 and a patient may be enhanced by 
application of conductive gels or creams to the skin of the patient, and by other 
methods known to those of ordinary skill in the art as well. Where the elements 18, 20 
and/or 28 are operably connected to a source of RF power 34, and where a patient is in 
contact with a ground plate 36 operably connected to a source of RF power 34, 



Docket No. 26684-1190 



- 16 - 



contacting a patient with an electrosurgical electrode 18, radial wire 20, and/or side- 
cutting electrode 28 is effective to allow the passage of RF power between the element 
18, 20 and/or 28 and the patient, effective to allow RF cutting or penetration by the 
elements 18, 20 and/or 28, as desired, effective to allow the element to penetrate the 
5 patient's tissues. Where the element is a radial wire 20 that is an ablation element, 
such passage of RF power is effective to ablate tissue in contact with the element. 
Where the element is an electrosurgical electrode 18, a radial wire 20 that is an 
2; anchoring element, or a side-cutting electrode 28, such passage of RF power is 
c~K effective to cut the tissue, and optionally to coagulate the tissue as well. It will be 
Tjo understood that RF power source 34 may comprise more than one source of RF power. 

m 

y It will be understood that all electrical devices require a complete electrical circuit 

s 

P to function. The complete circuit required for the proper functioning of an 

ry ! electrosurgical device may be either monopolar or bipolar; that is, the return electrical 

w 

yj path may be to a ground electrode distant from the point of delivery of electrical power, 

is such as RF power, or may be to a ground electrode near to or on the same instrument. 

With a monopolar device, the return electrical path is provided through a ground 

« 

electrode, such as ground pad 36. With a bipolar device, the return electrical path from 
the primary electrode (such as the electrosurgical electrode 18, radial wires 20, or the 
side-cutting electrode 28) is provided by a return electrode carried on the same 
20 instrument, such as wand 110. In preferred embodiments, the electrosurgical devices 
of the invention are monopolar electrosurgical devices. 

In addition to providing operable electrical connection between wand 110 and RF 
power source 34, surgeon's disposable unit 120 is effective to provide or transfer 
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mechanical force to wand 1 10 when wand 1 10 is engaged and held by surgeon's 
disposable unit 120. 

Motor unit 130 provides mechanical force, such as rotary motion, effective to 
drive or rotate a shaft or shafts (e.g., co-axial shafts) operabiy connected to it As 
5 illustrated in Figure 1, motor unit 130 is operabiy connected to surgeons' disposable 
unit 120 (which may comprise a shaft able to be operabiy connected to motor unit 130) 
and receives power via power connection 39. It will be understood that motor unit 130 
could contain an electric motor or motors and power connection 39 could comprise an 
jij; electrical cable; alternatively, motor unit 130 may comprise one or more hydraulic or 
00 pneumatic motors, and power connection 39 could comprise a conduit for hydraulic or 
IJ! pneumatic fluid or gas. It will be understood that motor unit 1 30, power connection 39, 
* and associated elements may be positioned and adapted in any suitable manner 
jjt effective to provide motive force via motor unit 130 to surgeon's disposable unit 120. 

% Motor unit 130 can engage and work with surgeon's disposable unit 120 effective to 

m 

' "' 15 provide or transfer mechanical force to surgeon's disposable 120, which is itself 
effective to provide or transfer mechanical force to wand 1 1 0 when wand 1 1 0 is 
engaged and held by surgeon's disposable unit 120. Motor unit 130 is typically not a 
sterile device, although it may be used in sterile procedures when routine precautions 
known to those of ordinary skill in the art are taken. For example, motor unit 130 may 
20 be covered with a sterile cover or wrap, such as a sterile "sock," for use in a sterile 
procedure with wand 110 and surgeon's disposable unit 120. 

Wand 110 comprises a shaft portion and a housing portion. As illustrated in 
Figure 2, the shaft portion comprises shaft 14 and associated elements, such as 
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electrosurgical electrode 18, radial wires 20, and side-cutting electrode 28, while the 
housing portion comprises housing 40 and associated elements. A portion or portions 
of shaft 14 may be contained within housing 40. Elements associated with housing 40 
include those elements contained within housing 40 that are also mounted on shaft 14, 
such as shaft gear 41 , radial wire shuttles 42A and 42B, and side-cutting electrode 
shuttle 44. Shaft gear 41 is operably connected to shaft 14, so that rotation of shaft 
gear 41 is effective to rotate shaft 14. Rotation of shaft 14 may be effected by the 
engagement of shaft gear 41 with a suitable drive gear. In preferred embodiments, 
such a drive gear is provided by drive gear 72 in surgeon's disposable unit 120, shown 
in Figure 8. It will be understood by those of ordinary skill in the art that there are many 
suitable ways to rotate portions of the device, or to rotate the entire device, and that any 
suitable mechanism for effecting rotation of the device or of the elongated shaft, and in 
particular, rotation of side-cutting electrode around the longitudinal axis 24 of shaft 14 
will be suitable for the practice of the invention. 

In Figure 2 the distal direction is shown to the left, towards electrosurgical 
electrode 18 located at distal tip 12, and the proximal direction is shown opposite the 
distal direction. Shuttles 42A, 42B, and 44 are mounted along the shaft 14 within 
housing 40, and are effective to move proximally and distally in longitudinal directions 
along portions of shaft 14 located within housing 40. Radial wire shuttles 42A and 42B 
are operably connected to radial wires 20, and side-cutting electrode shuttle 44 is 
operably connected to side-cutting electrode 28. 

As shown in Figures 2B and 2C, when radial wire shuttles 42A and 42B are 
separated from each other, and are located in their most proximal and distal positions, 
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the radial wires 20 are deployed in their extended configurations. Similarly, when side- 
cutting electrode shuttle 44 is in its most proximal position, as shown in Figures 2C and 
2D, the side-cutting electrode 28 is deployed in its extended configuration. As shown in 
Figure 2A and 2D, when radial wire shuttles 42A and 42B are located adjacent to each 
other, the radial wires 20 are in their retracted configuration. Similarly, when side- 
cutting electrode shuttle 44 is in its most distal position, as shown in Figures 2A and 2B, 
the side-cutting electrode is in its retracted configuration. 

Electrosurgical electrode 18 may be operably connected to a source of RF 
power, such as 34 shown in Figure 1 . In preferred embodiments, such connection is 
via conductors in wand 110, operably connected to conductors in handle 46 connected 
to a source of RF power. Such conductors may be, for example, conductor 60. In 
preferred embodiments, the source of RF power for electrosurgical electrode 18 is not 
the same source of RF power for side-cutting electrode 28. In preferred embodiments, 
electrosurgical electrode 18 requires lower frequency RF power than does side-cutting 
electrode 28. Contacting a patient with the electrosurgical electrode 18 while the 
patient is in contact with a ground plate 36 and electrosurgical electrode is supplied with 
RF power allows an operator to penetrate a patient's body with device 110 by guiding 
the electrosurgical electrode 18 into the patient to access tissue within a patient's body. 

The wand 110 may be inserted into a patient's body to position the distal tip 12 
or shaft 14 at a desired site or a targeted tissue site (e.g., a suspected lesion or tumor) 
in the patient, thereby providing access to the targeted tissue site. In preferred 
embodiments, handle 46 holds wand 1 10 as shaft 14 is inserted into position in a 
patient; in preferred embodiments, handle 46 is also used to deploy anchor wires 20. In 
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one embodiment, shaft 14 can have a length of about 3 to about 15 cm, preferably, 
about 5 to about 13 cm, and more preferably, about 9 to about 1 1 cm. 

To assist in properly locating the elongated shaft 14 during advancement of the 
wand 1 10 into a patient's body, (as described below), the shaft 14 may be optionally 
provided with indicators 31 . The tip 12, shaft 14 and other supporting parts of device 
110 may be made of any suitable material. In some embodiments, the tip, 12, 
elongated shaft 14 and other parts of device 110 may be made of a sturdy, high impact 
biocompatible material such as medical grade polymer (e.g., high density polyethylene 
(HDPE) , polycarbonate, fluorocarbon polymers, such as fluorinated ethylene propylene 
(FEP) polymer, or other polymer known in the art). In preferred embodiments, shaft 14 
comprises polycarbonate. In other embodiments, the shaft 14 may be comprised of 
biocompatible polymer tubing, such as polyethylene, polyimide, ether sulfone, 
polysulfone, or the like. The shaft 14 may be optionally coated with a lubricious coating 
such as, for example, a Teflon® (polytetrafluoroethylene) coating, or other hydrophilic 
coating, 

Shaft 14 may have, but need not have, a circular cross-section. In some 
embodiments, shaft 14 has an oval cross-section. Other cross-sectional shapes are 
also suitable, including square, rectangular, triangular, and irregular cross-sectional 
shapes. In addition, the cross-sectional shape and the width of shaft 14 may vary along 
its length. Accordingly, the width of shaft 14 may vary according to the position and 
method of determining such width. However, one measure of the width, or cross- 
sectional dimension, of shaft 14 is a radial dimension extending from one lateral surface 
to an opposite lateral surface of shaft 14 taken along a line perpendicular to longitudinal 
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axis 24. In one embodiment, shaft 14 has a radial dimension of about 0.5 to about 20 
mm, preferably of about 1 to about 10 mm, more preferably of about 1 to about 5 mm. 
However, it will be understood by those of skill in the art that suitable radial dimensions 
may vary, and may vary depending on the location or condition of the tissue to be 
sampled, so that suitable radial dimensions within the scope encompassed by the 
present invention include radial dimensions greater than 10 mm and radial dimensions 
lesser than 1 mm. 

The wand 110 has a distal tip 12 from which an electrosurgical electrode 18 
protrudes. The distal tip may comprise mica/glass composite, medical grade polymer 
as exemplified above, or other suitable material. The electrosurgical electrode 18 can 
be formed of conductive wire or ribbon. It will be understood that any biocompatible 
material, including steel, tungsten, nitinol, and other conductive biocompatible materials 
are suitable to form an electrosurgical electrode 18. An electrosurgical electrode 18 
may comprise conductive wire or ribbon of between about 0.005 inches to about 0.030 
inches in diameter, preferably between about 0.01 inches to about 0.02 inches, more 
preferably about 0.014 inches in diameter. In preferred embodiments, the 
electrosurgical electrode is made of stainless steel, such as 300 series or 17-7 stainless 
steel or equivalent, for example 302 stainless steel wire of approximately 0.014 in. 
(approximately 0.36 mm) diameter. As shown in the Figures, a portion of the 
electrosurgical electrode may be semi-circularly shaped, although it will be understood 
by one of ordinary skill in the art that a variety of shapes are suitable for the practice of 
the invention. The electrosurgical electrode 18 is in direct electrical contact with the RF 
power source 34. When the electrosurgical electrode 18 is electrically activated with 
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high frequency electrical energy and placed in contact with tissue, electrical energy 
flows through the tissue to a return electrode (such as ground plate 36) that is also in 
contact with the patient. The tissue adjacent the electrosurgical electrode 18 is ablated 
to create an incision as the electrosurgical electrode 18 passes through the tissue. The 
electrosurgical electrode 18 can have a radius, subtending a maximum width 
approximately equal to or slightly greater than the maximum cross-sectional dimension 
of the elongated shaft 14, so that during the electrosurgical process, the electrosurgical 
electrode 18 makes an opening through the tissue sufficiently large to receive the 
elongated shaft 14. In a preferred embodiment of the invention, the maximum width of 
the electrosurgical electrode 18 is approximately 1.5 times the maximum outside radial 
dimension of the elongated shaft 14. In preferred embodiments, the maximum width of 
the electrosurgical electrode 18 can be from about 2 to about 14 mm, preferably, about 
4 to about 12 mm, and more preferably, about 7 to about 9 mm. It will be understood 
by those of skill in the art that the electrosurgical electrode may be of any suitable size 
and shape effective to produce an incision to allow passage of the wand 1 10 through 
the patient's tissue to provide access to desired tissue within a patient and to provide 
for isolation of desired tissue within a patient. 

Optional markings 31 along shaft 14 may be used to aid an operator in gauging 
the depth of penetration into a patient. In preferred embodiments, the operator is aided 
in the guidance of such penetration by imaging apparatus and techniques such as 
ultrasound, x-ray imaging, magnetic resonance imaging, computer tomography, and 
other methods known in the art. 
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The side-cutting electrode 28 may comprise an elongated electrode with a distal 
end, a proximal end and a middle portion. In a most preferred embodiment, a side- 
cutting electrode follows an arcuate path (as shown in Figures 1 and 2, and in 
subsequent figures) in a direction substantially parallel to a longitudinal axis 24 of the 
elongated shaft 14. In the embodiment shown, the side-cutting electrode 28 thus lies in 
a plane substantially parallel to a radius 26 of the elongated shaft 14. It will be 
understood by those of skill in the art that the shapes of side-cutting electrodes may 
differ from the arcuate shape illustrated in Figures 1 and 2. For example, suitable 
shapes of side-cutting electrodes include shapes with angles and straight portions as 
well as smooth curves. It will be understood that the side-cutting electrode is effective 
to cut, ablate, coagulate and/or cauterize tissue when supplied with RF power, and the 
patient placed in contact with a ground plate 36, similar to that described for the 
electrosurgical electrode 18. 

A side-cutting electrode 28 can be formed of conductive wire or ribbon, and may 
be made of any suitable material effective to conduct RF power to tissues. It will be 
understood that any biocompatible material, including steel, tungsten, nitinol, and other 
conductive biocompatible materials are suitable to form a side-cutting electrode 28. In 
preferred embodiments side-cutting electrodes comprise metals such as tungsten, 
tungsten alloys, and stainless steel, for example 300 series or 17-7 stainless steel or an 
equivalent. In most preferred embodiments, the side-cutting electrode 28 comprises 
tungsten. Side-cutting electrodes may be, for example, about 0.001 to about 0.04 
inches in diameter, preferably between about 0.005 and about 0.02 inches in diameter, 
most preferably about 0.01 inches in diameter. 
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In Figure 1 , radial wires 20 are shown extending in radial directions from the 
elongated shaft 14, while radial wires 20 are retracted in Figures 2A and 2D. Thus, 
Figures 1 and 2 illustrate embodiments of the invention in which the radial wires 20 are 
mounted to shaft 14 effective to allow their deployment and retraction. In preferred 
embodiments, the radial wires may extend or retract from shaft 14 via radial wire slots 
22 to positions of greater or lesser radial extension. Thus, in deploying, the radial wires 
are effective to expand outwardly from the elongated shaft of the device; when such 
expansion is effected after shaft 14 has been inserted into a patient's tissues, and while 
shaft 14 remains within a patient's tissues, the expansion of the radial wires is effective 
to penetrate into a patient's tissue. In preferred embodiments, penetration of radial 
wires 20 into a patient's tissues may be aided by sharpening the radial wire tips. 
Penetration of radial wires may also be aided by supplying RF power to the radial wires. 
In embodiments comprising an anchoring mechanism, where the radial wires 20 
comprise anchoring elements and where penetration is aided by supplying RF power to 
the radial wires, the radial wires 20 may comprise conductive material such as a metal 
and may be insulated along their length except near to their tips 56, which are 
conductive and not insulated. In preferred embodiments comprising an ablation 
mechanism where the radial wires comprise ablation elements, the radial wires 
comprise conductive material, such as a metal, and may receive RF power. 

In a contracted configuration, with the radial wires 20 withdrawn into slots 22, the 
radial wires present no obstacle to movement of the shaft through a patient's tissues, 
such as advancement through, or rotation within, body tissue. When deployed in a 
radially expanded configuration, with RF power not connected to the radial wires 20, 
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radial wires 20 are effective to prevent movement of the shaft and of the device 1 10, 
and so to hold the device 1 10 in position. In a preferred embodiment, radial wires 20 
are housed in shaft 14, are capable of emerging from shaft 14 from radial wire slots 22, 
and optionally deploy to variable length outside the shaft 14. It will be understood by 
those of skill in the art that radial wires 20 may comprise a variety of shapes and 
lengths, that any suitable means for attaching radial wires 20 to shaft 14, any suitable 
means for housing the radial wires within shaft 14, and any suitable means for 
extension of the radial wires into adjacent tissue effective to anchor the wand 1 10 at a 
desired site within a patient are all within the scope of the invention. Such radial wires 
20 may be, for example, between about 0.003 inches to about 0.02 inches in diameter, 
preferably between about 0.05 inches to about 0.015 inches in diameter, more 
preferably about 0.009 in. (0.23 mm) in diameter. In preferred embodiments, radial 
wires 20 may be formed of 300 series stainless steel, 17-7 stainless steel or an 
equivalent. Radial wires 20 may be partially coated with an insulating coating such as a 
polymer with high dielectric strength, for example, polyimide, so that only part of the 
wire, such as a part near the tip 56, is exposed and is able to pass current into 
surrounding tissue. In alternative embodiments, radial wires 20 may be modified so as 
to comprise an optical fiber capable of providing illumination, or hollow to allow 
deposition of dye or marker substances, so as to facilitate visualization of the anchor 
elements. 

The electrosurgical electrode 1 8, radial wires 20 and the side-cutting electrode 
28 may be operably connected to an RF power source. For example, an electrical 
connection between side-cutting electrode 28 and a source of RF power may be 
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comprised of Litz wire, preferably of suitable length to allow for the extension and 
rotation of side-cutting electrode 28. It will be understood by those of skill in the art that 
any suitable electrical power source may be used. In use, where at least one of the 
electrosurgical electrode 18 or radial wires 20 or side-cutting electrode 28 are 
monopolar electrodes, a portion of the patient's body will be placed in contact with the 
ground plate 36 to provide electrical continuity and a complete circuit. Alternatively, 
where the electrosurgical electrode 18 and side-cutting electrode 28 and anchor wires 
20 are all bipolar electrodes, the ground plate 36 will be unnecessary for cutting, and 
may be omitted, with electrical continuity provided by both of the poles of the bipolar 
electrodes or by a return electrode located near to the electrosurgical electrode 18, 
side-cutting electrode 28 and anchor wires 20. 

As shown in Figure 3, wand 110 may be inserted into tissue and anchored in 
place using handle 46 as system 140. Wand 110 fits into notch 51 shown in Figure 3A, 
and may be seated in and engaged by handle 46 so that wand 110 may be carried and 
guided by an operator for use in a biopsy or surgical procedure. Handle 46 provides 
electrical connection between wand 110 and RF power unit 34 and ground 36 via cable 
assembly 37 and provides mechanical control of radial wires 20 via the radial wire 
shuttles 42A and 42B. Figure 3A shows wand 110 with the radial wires 20 retracted, 
while Figure 3B shows wand 1 10 with radial wires 20 deployed in the extended 
configuration. Depression of plunger assembly 47 of handle 46 is effective to deploy 
radial wires 20, as illustrated in Figure 2B, while retraction of plunger assembly 47 is 
effective to retract radial wires 20 , as illustrated in Figure 3A. It will be appreciated that 



Docket No. 26684-1 190 



- 27 - 



many methods of effecting the deployment and retraction of radial wires 20 are suitable 
for the practice of the invention, and all such are within the scope of the invention. 

A preferred embodiment of handle 46 is illustrated in partially cut-away views in 
Figures 3C and 3D, showing manual shuttle clasps 50A and 50B and pivot assembly 
52. Manual shuttle clasps 50A and 50B are effective to engage radial wire shuttles 42A 
and 42B when wand 1 1 0 is seated in notch 51 of handle 46. Plunger 47 connects with 
plunger shaft 48 to provide an operable connection to shuttle clasp 50A, shown in 
Figures 3C and 3D, so that depression or retraction of plunger assembly 47 moves 
shuttle clasp 50A effective to move pivot assembly 52 causing opposite motion of 
shuttle clasp 50 B. 

Figure 4 shows the distal portion 16 of shaft 14 in a perspective view. Figure 4A 
shows the electrosurgical electrode 18 in greater detail, providing a view of the interior 
of the distal tip 12 of wand 1 1 0 which allows a view of those portions of the 
electrosurgical electrode 18 positioned inside the distal tip 12. The electrosurgical 
electrode 18 as shown in Figure 4 is a loop of conductor, such as stainless steel, which 
is operably connected to the distal end of conductor 60 providing electrical connection 
with, for example, a source of RF power 34. Figure 4B illustrates the distal portion 16 of 
a shaft 14 of a device of the invention with an anchoring mechanism comprising radial 
wires 20. Figure 4C illustrates the distal portion 16 of a shaft 14 of a device of the 
invention with an ablation mechanism comprising radial wires 20. Note that radial wires 
20 shown comprising an ablation mechanism shown in Figure 4C may be longer than 
the radial wires comprising an anchor mechanism shown in Figure 4B. Also shown is a 
side-cutting electrode 28 and an electrosurgical electrode 18. 
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In their retracted configuration, shaft 14 of wand 110 houses the elements radial 
wires 20 (and may optionally house side-cutting electrode 28 where shaft 14 is provided 
with a side-cutting electrode slot), provides electrical connection between these 
elements and RF power source 34, and provides mechanical control effective to deploy 
these elements when it is desired to extend them outside slots 22 (and optionally, a 
side-cutting electrode slot). Figure 5 provides cross-sectional views of the shaft 14 of 
wand 1 10 showing radial wires 20 housed within slots 22, with tips 56 of radial wires 20 
within slots 22 in Figure 5A (where radial wires 20 are shown in their retracted 
configuration) and extending out of slots 22 in Figure 5C (where radial wires 20 are 
shown in their extended configuration). Transverse cross-sectional views of a shaft 14 
of a wand 110 of the invention are shown in Figures 5B, 5D, 5E and 5F. 

Slots 22 are in part defined by slot material 62, whereby radial wires 20 are able 
to slide within and exit from slots 22 during deployment. The radial wires 20 are shown 
retracted in Figures 5A, 5B and 5D-F. Radial wires 20 are operably connected to 
deployment shafts 58A and 58B, so that longitudinal motion of 58A in one direction, 
and longitudinal motion of 58B in the opposite direction, is effective to cause radial 
wires 20 to move within slots 22. As shown in Figure 5C, longitudinal motion of 
deployment shafts 58A and 58B carries radial wires 20 effective to extend radial wires 
20 out of slots 22. In preferred embodiments, anchor wires 20 have sharpened tips. In 
embodiments where radial wires 20 are effective to conduct RF energy to body tissues 
when the radial wires 20 are deployed and in contact with body tissues, deployment 
shafts 58A and 58B comprise conductors effective to conduct RF energy to radial wires 
20. In embodiments, deployment shafts 58A and 58B may be insulated; in addition, 
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deployment shafts 58A and 58B may comprise lubricating coatings or low-friction 
materials or coatings, such as may be provided by materials such as Teflon®. In most 
preferred embodiments, such insulation provides a low friction surface. Also shown in 
Figure 5 is conductor 60, which extends within shaft 14 effective to provide 
electrosurgical electrode 18 with RF power. In preferred embodiments, conductor 60 is 
insulated; most preferably conductor 60 is insulated by insulation 61 effective to prevent 
electrical contact with deployment shafts 58A or 58B. 

Figure 6 provides partly cut-away views of the shaft 14 of a wand 1 10 of the 
invention showing the side-cutting electrode 28 in its retracted (6A, 6B) configuration, 
and in an extended configuration (6C, 6D). Side-cutting electrode 28 contacts push bar 
59, which is preferably sufficiently rigid to effectively transmit mechanical force, extends 
within shaft 14 to contact side-cutting electrode shuttle 44 within housing 40 of wand 
110. Preferably, push bar 59 is rigid, not conductive, and effective to move and position 
side-cutting electrode 28, while a conductor 32, separate from push bar 59, is used to 
supply RF power to side-cutting electrode 28. For example, in preferred embodiments 
push bar 59 may comprise a polyester push bar 59 while a conductor 32, e.g., 
preferably comprising Litz wire, provides electrical connection to side-cutting electrode 
28. In alternative embodiments of the invention, push bar 59 is conductive effective to 
conduct RF energy to side-cutting electrode 28 without need for conductor 32. 
Longitudinal motion of the side-cutting electrode shuttle 44, as shown by the different 
positions of shuttle 44 in Figures 6A and 6C, is effective to urge push bar 59 and side- 
cutting electrode 28 in the same longitudinal direction. However, longitudinal motion of 
the side-cutting electrode is constrained by distal pivot 30, so that continued motion of 
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side-cutting electrode shuttle 44 at one end, coupled with an inability for further 
longitudinal movement of side-cutting electrode 28 at the opposite end, causes side- 
cutting electrode 28 to bulge and extend radially outward to deploy along an arcuate 
path as shown in Figure 6C. The radial movement of side-cutting electrode 28 is also 
shown, in transverse cross-sectional views, in Figures 6B and 6D. It will be understood 
by one of ordinary skill in the art that other embodiments of a deployment mechanism 
for side-cutting electrode 28, and of push bar 59 and conductor 32 connecting to side- 
cutting electrode 28, may be suitable for the practice of this invention. For example, in 
some embodiments side-cutting electrode 28 and push bar 59 may comprise a single 
continuous unit. In other embodiments, side-cutting electrode 28 is comprised of a 
memory metal, such as nitinol, effective to aid in the deployment of side-cutting 
electrode 28 upon provision of conditions triggering shape change in the memory metal. 

Conductor 32 and conductor 60 (and, optionally, deployment shafts 58A and 58B 
and push bar 59) comprise conductors which run along a longitudinal axis of shaft 14 to 
provide electrical connection between a source of RF power 34 and the electrosurgical 
electrode 18 at the distal tip 12 of shaft 14, the side-cutting electrode 28 and optionally 
the radial wires 20. These electrical conductors operably connect to a source of 
electrical power, such as RF power source 34, of a type commonly used in 
electrosurgery. In preferred embodiments, the electrical conductors are insulated to 
maintain electrical isolation from adjacent components. For example, conductor 60 
may be covered or enclosed by insulation 61 . The electrical conductors may comprise 
the same or different conductors for connecting to each of the electrosurgical electrode 
18, radial wires 20, and side-cutting electrode 28. For example, in an embodiment of 
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the present invention wherein the electrosurgical electrode 18 and the radial wires 20 
receive RF power at a frequency of 0.8 MHz, and the side-cutting electrode 28 receives 
RF power at a frequency of 5 MHz, conductors 58A, 58B and 60 would separately 
provide 0.8 MHz RF power to the electrosurgical electrode and radial wires and a 
conductor 32 would separately provide 5 MHz RF power to the side-cutting electrode 
28. 

At least a portion of conductors 32, 58A, 58B, 59 and 60 may comprise a flexible 
wire, more particularly conductors 58A and 58B connecting the anchoring mechanism 
or ablating mechanism, e.g. radial wires 20, conductor 32 and optionally push bar 59 
connecting side-cutting electrode 28 to the RF power source 34. Flexible wire 
conductors are able to maintain electrical contact as the elongated shaft 14 is rotated, 
and as the anchoring mechanism or ablating mechanism (shown here as radial wires 
20) and side-cutting electrode 28 are deployed. In a preferred embodiment, conductors 
such as 32, 58A, 58B, 59 and 60 are adapted to carry RF power efficiently by 
impedance matching, low capacitance, or other electronic design feature known in the 
art. 

System 10 of the invention may be assembled by assembly of the constituent 
parts, comprising wand 110, surgeon's disposable unit 120, and motor unit 130. As 
illustrated in Figure 7, surgeon's disposable unit 120 and motor unit 130 snap together 
to form a mechanically stable unit whereby motive power may be transferred from 
motor unit 130 to surgeon's disposable unit 120. In preferred embodiments, the motive 
power is rotary power, with coupling between motor unit 130 and surgeon's disposable 
unit 120 provided by a shaft rotation assembly. In preferred embodiments, the shaft 
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rotation assembly comprises a female part, such as a ridged sleeve 77 in motor unit 
130, operably coupled to a motor or other source of rotary power, and a male part, such 
as spindle 78. In preferred embodiments, ridged sleeve 77 is adapted to receive 
spindle 78 effective to transfer rotary motion from ridged sleeve 77 to spindle 78. 

As illustrated in Figure 7, which provides perspective views of devices of the 
invention, surgeon's disposable unit 120 and the motor unit 130 snap together to form 
an effective unit where the surgeon's disposable 120 is operably connected to the 
motor unit 130, as shown in Figure 7B. Assembly of the complete system 10 is effected 
by opening lid 66 and seating wand 110 in receptacle 65 within surgeon's disposable 
unit 120 (as shown in Figure 7 illustrating the positions of the elements just prior to 
seating wand 110). Electrical connection is provided between wand 1 10 and RF power 
source 34 by means of electrical connector 68 in receptacle 65 of surgeon's disposable 
unit 120, while mechanical power is provided to wand 110 via shaft connector 70 within 
receptacle 65 of surgeon's disposable unit 120. 

The assembled system 10 is shown in Figure 8A, where shaft 14 extends out of 
surgeon's disposable unit 120, the rest of wand 1 10 being captured within receptacle 
65 of surgeon's disposable unit 120, not shown in Figure 8A because it is covered by lid 
66. The system 10 is shown with radial wires 20 deployed in Figure 8A; Figure 8B 
shows the placement of electrode shuttles 44 (side-cutting electrode shuttle), and 42A 
and 42 B (radial wire shuttles) and drive elements 74 (side-cutting electrode shuttle 
clasp) and 76A and 76B (radial wire shuttle clasps) for the corresponding configuration 
of the device illustrated in Figure 8A. Clasps 74, 76A and 76B engage shuttles 44, 
42A, and 42B respectively as illustrated in Figure 8A and are effective to move the 
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shuttles 44, 42A, and 42B longitudinally to deploy or retract side-cutting electrode 28 
and radial wires 20. It will be understood that the drive elements 74, 76A and 76B will 
assume different positions, corresponding to the configurations of the electrode shuttles 
42A, 42B, and 44 shown in the Figures, in order to move the electrode shuttles 42A, 
42B, and 44 so as to effect the deployment or retraction of side-cutting electrode 28 
and radial wires 20. 

The positions of the shuttles 44 (side-cutting electrode shuttle), and 42A and 42 
B (radial wire shuttles) in the different configurations of electrode deployment are 
shown in Figures 8C - 8F. The positions of the drive elements 74 (side-cutting 
electrode shuttle clasp) and 76A and 76B (radial wire shuttle clasps) also shown in 
these configurations, correspond to the positions of the shuttles since the shuttle-clasp 
drive elements engage the electrode shuttles at all times while the wand 1 10 is 
mounted within surgeon's disposable unit 120. 

The positions of electrode shuttles 44, 42A and 42B and shuttle clasps 74, 76A 
and 76B are shown in Figure 8C for the configuration in which the side-cutting electrode 
and the radial wire electrodes are retracted. Separation of the radial wire electrode 
shuttles 42A and 42B, as indicated by the arrows in Figures 8C and 8D, is effective to 
deploy the radial wire electrodes 20 as illustrated in Figure 8D. Such separation may 
be effected by separation of the radial wire electrode shuttle clasps 76A and 76B as 

shown in Figure 8D. 

Deployment of the side-cutting electrode 28, as illustrated in Figure 8E, is 
effected by longitudinal movement of the side-cutting electrode shuttle 44, as indicated 
by the arrow near to side-cutting electrode shuttle 44 in Figure 8E. Deployment of the 
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side-cutting electrode 28 itself is indicated in Figure 8E by the radial arrow shown 
pointing to the deployed side-cutting electrode 28; such deployment may be effected by 
longitudinal movement of side-cutting electrode shuttle clasp 74 as shown in Figure 8E. 
It will be understood that retraction of the side-cutting electrode 28 may be effected by 
5 movement of the side-cutting electrode shuttle clasp 74 and side-cutting electrode 
shuttle 44 in the opposite direction. 

Retraction of the radial wire electrodes 20 is effected by movement together of 
the radial wire electrode shuttles 42A and 42B, as illustrated in Figure 8F, with arrows 

S indicating the direction of movement that resulted in the final position of the radial wire 

IM 

fio electrode shuttle clasps 76A and 76B and radial wire electrode shuttles 42A and 42B 

If! shown in the figure. Longitudinal arrows near the radial wire electrodes 20 indicate the 

* direction of movement of the radial wire electrodes themselves during retraction, 
jj; Thus, in preferred embodiments, the deployment and retraction of radial wires 20 

hi 

and of side-cutting electrode 28 may be effected by the mechanisms illustrated in 

pJ 

"15 Figure 8. When seated in receptacle 65, wand 1 10 is placed so as to engage side- 
cutting electrode shuttle 44 with side-cutting electrode shuttle clasp 74, and radial wire 
shuttles 42A and 42B are placed so as to engage radial wire shuttle clasps 76A and 
76B. Note that when side-cutting electrode 28 is retracted as in Figures 8A-8D; side- 
cutting electrode shuttle clasp 74 is positioned away from drive gear 72, in the most 

20 proximal position along its range of motion. In Figures 8E and 8F, the side-cutting 

electrode 28 is deployed. In this configuration side-cutting electrode shuttle clasp 74 is 
in its most distal position. Movement of side-cutting electrode shuttle clasp 74 in a 



Docket No. 26684-1190 



- 35 -- 



distal direction, when engaged with side-cutting electrode shuttle 44, is effective to 
deploy side-cutting electrode 28. 

Similarly, radial wires 20 are shown deployed in Figures 8A and 8D, and 
retracted in Figure 8C. In this configuration, radial wire shuttle clasps 76A and 76B are 
laterally displaced from each other, as shown in Figure 8B. When engaged with radial 
shuttles 42A and 42B, radial shuttle clasps 76A and 76B are effective to deploy radial 
wires 20 when positioned lateral from a medial position at which the radial wires 20 are 
retracted. 

Shaft 14 may be rotated by rotation of drive gear 72 which is operably engaged 
with shaft gear 41 . When such rotation is effected while side-cutting electrode 28 is 
deployed and conducting RF power into a patient's tissues, a swath of tissue will be cut 
or ablated. In preferred embodiments, the rotary motion comprises at least 360°, or a 
complete circle, effective to completely isolate a body of tissue within the patient's body. 
In most preferred embodiments, the rotary motion comprises at least 360° plus about 
45°, or about 405°, effective to completely isolate a body of tissue within the patient's 
body and to leave the side-cutting electrode 28 in a position that is not above the slot in 
the tissue that is formed by deployment of the side-cutting electrode 28. Removal of 
such an isolated body of tissue then provides a biopsy specimen or may comprise a 
surgical procedure, such as a lumpectomy. Referring to Figure 8, the system 10 is 
shown ready to begin a procedure in Figure 8A, with shaft 14 anchored in position in a 
patient's body by radial wires 20. Retraction of radial wires 20, and deployment of side- 
cutting electrode 28, preferably with RF power supplied to side-cutting electrode 28, is 
shown in Figure 8F. Retraction of radial wires 20 facilitates rotation of shaft 14 and aids 
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cutting by side-cutting electrode 28. hen shaft 14 is in place within a patient's body, 
rotation of shaft 14 with side-cutting electrode deployed and supplied with RF power is 
effective to cut and isolate a body of tissue within a patient's, body. Following such 
cutting and isolation of tissue, side-cutting wire 28 may be retracted and radial wires 20 
redeployed, as in the configuration shown in Figure 8D, fixing the isolated body of 
tissue to shaft 14 for removal of the body of tissue when shaft 14 is removed from the 
patient. 

An illustration of a portion of the device positioned within the body of a patient is 
provided in Figure 9. In preferred embodiments, the invention will be used to perform 
biopsies, lumpectomies, and other procedures on the breast tissue of patients. Figure 
9 shows a cross-sectional view of a breast 80 of a patient undergoing a clinical 
procedure comprising an embodiment of a method of the invention, showing a portion 
of a shaft 14 with an electrosurgical electrode 18 at the distal tip. The shaft 14 has 
been inserted in the breast 80 through an incision 82 in the surface of the breast 80, 
along a path 84 created by action of the electrosurgical electrode 18 under the 
guidance of an operator, such as a surgeon. Prior to the configuration illustrated in 
Figure 9, radial wires 20 had been deployed to anchor the wand 1 10 in a desired 
location, then had been retracted prior to rotation of shaft 14. Next, side-cutting 
electrode 28, shown here in its deployed configuration, was used to make a boundary 
cut 86 within the breast 80 of the patient, effective to isolate a body of tissue 88 within 
the boundary cut 86. The isolated tissue is fixed in position around shaft 14 by radial 
wires 20, which were preferably redeployed after side-cutting electrode 28 made 
boundary cut 86. In preferred embodiments, the side-cutting electrode 28 would next 
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be at least partially retracted, while the radial wires 20 remain deployed with isolated 
tissue 88 attached to the radial wires 20. Removal of the device by pulling the device 
back along path 84 is effective to remove isolated tissue 88. 

Figure 10 illustrates rotation of the shaft 14 and side-cutting electrode 28 during 
isolation of a body of tissue within a patient's body. Figures 10A, 10B, and 10C 
illustrate transverse cross-sections taken along line C-C depicted in Figure 10D, which 
is a partially cut-away cross-sectional view of a wand 1 1 0 of the invention. As 
illustrated in Figure 10A, side-cutting electrode 28 has been deployed, and radial wire 
electrodes 20 have been retracted. Rotation of shaft 14 and side-cutting electrode 28 
around a longitudinal axis of the shaft 14 is indicated by the curved arrow in Figure 10A. 
Figure 10B depicts the position of the shaft 14 and side-cutting electrode 28 after a full 
rotation with RF power supplied to the side-cutting electrode 28. The body of target 
tissue 88 has been isolated from surrounding body tissue by boundary cut 86 formed by 
the passage of the side-cutting electrode 28 in the direction indicated by the curved 
arrow. Note that shaft 14 and side-cutting electrode 28 have rotated more than a full 
circle, through greater than 360°, leaving side-cutting electrode in a position away from 
the radial cut made as the side-cutting electrode 28 was deployed. Following formation 
of boundary cut 86 effective to isolate body of tissue 88, RF power was supplied to 
radial wire electrodes 20 which are deployed as shown in Figure 8C in order to fix body 
of tissue 88 in position along the shaft. The position of radial wire shuttles 42A and 42B 
in this configuration is shown in Figure 10D, with longitudinal arrows indicating the 
direction of travel of radial wire shuttles 42A and 42B. In addition, RF power is shut-off 
from side-cutting electrode 28 at this point; and it may be retracted, partially or 
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completely, as illustrated in Figure 10C, to aid in fixing the body of tissue 88 to the 
shaft; alternatively, side-cutting electrode may be left deployed. With body of tissue 88 
fixed to shaft 14 by radial wire electrodes 20 and optionally by side-cutting electrode 28, 
the body of tissue 88 may be withdrawn from the patient's body. 

The devices of the invention, when inserted into a patient's tissue at the 
appropriate position, provide access to a desired site or a target tissue site under 
examination. The pathway produced in reaching the desired site in the patient's 
tissues, provides access for directing fluid, gel, paste, chemicals, drugs, markers, or 
other fluid or semifluid material to the region of the patient's body. Devices of the 
invention may themselves provide means to introduce markers, chemicals, drugs, fluids 
or other objects to the desired site in the patient. United States Patent Application 
Serial No. 09/343,975 (assigned to the assignee of the present application and herein 
incorporated by reference in its entirety) describes the use of such temporary and 
permanent markers, and its disclosure is incorporated herein by reference. For 
example, a surgical dye may be injected along the elongated shaft 14 or a surgical dye 

may be injected through a bore provided in shaft 14 to mark the region and to provide a 

« 

guide for subsequent surgical procedures. Also, hemostatic agents (such as those that 
contain fibrin or a fibrin/fibrinogen mixture) may be introduced along the elongated shaft 
14 or through a bore provided in shaft 14 to stem bleeding that may occur during a 
biopsy procedure. 

The use of devices of the invention, and methods for accessing tissue at a 
desired site within a patient and isolating a body of target tissue, methods for 
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performing a biopsy, and methods for performing a lumpectomy, are provided in more 
detail in the following paragraphs. 

Typically, an incision is first made (e.g., with a conventional scalpel) through the 
patient's skin. With RF power supplied to the electrosurgical electrode 18, the 
electrosurgical electrode 18 and the distal tip 12 of the wand 1 10 are inserted into the 
incision. In accordance with the use of conventional electrosurgical apparatus, the 
operator activates an electrosurgical generator (such as the source of RF power 34) 
using a control switch (not shown), such as a foot pedal, to apply high frequency 
electrical energy to the electrosurgical electrode 18. In embodiments of the invention, 
the electrosurgical generator can operate at about 100 KHz (0.1 MHz) to about 10 MHz. 
In one embodiment of the invention, the electrosurgical generator can operate at about 
300 KHz to about 1500 KHz (1.5 MHz), specifically, at about 600 KHz to about 1000 
KHz (1 MHz), most preferably about 800 KHz (0.8 MHz). Power output for such an 
electrosurgical generator can be about 50 to about 150 watts, preferably, about 80 to 
about 100 watts. Where tissue coagulation is desired, greater amounts of power output 
may be supplied, and/or the waveform may be changed, and/or the voltage increased. 
As the electrosurgical electrode 18 contacts the tissue, the contacted tissue is ablated, 
allowing insertion of the electrosurgical electrode 18 and shaft 14 through the tissue 
without deforming or displacing tissue it is passing through. 

The electrosurgical electrode 18 makes a passage through the tissue that 
permits shaft 14 to be readily inserted, providing a suitable passage through the tissue 
without pushing tissue aside or displacing target tissue as it advances. The 
electrosurgical ablation process is continued until the electrosurgical electrode 18 and 
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shaft 14 are appropriately positioned with regard to the desired site within the patient's 
body. Once in place, the electrosurgical electrode 18 and shaft 14 provide access to 
the desired site within the patient's body. 

In order to prevent movement of shaft 14 after placement in the desired site 
within the patient's body, radial wires 20 may be extended, penetrating tissue in a 
generally radial direction away from shaft 14 of the wand 110. The radial wires 20 
penetrate into the tissue as they extend, and are effective to prevent undesired 
movement and to anchor shaft 14 in place, it will be understood by those of skill in the 
art that wires, such as radial wires 20, will readily penetrate into a patient's tissues 
without displacing or deforming surrounding tissues. In a preferred embodiment, RF 
power is supplied to the radial wires 20 as they are extended, so that the radial wires 20 
cut through a patient's tissues quite readily so as to penetrate into a patient's tissues 
without displacing or deforming surrounding tissues. In accordance with the use of 
conventional electrosurgical apparatus, the operator activates an electrosurgical 
generator (such as the source of RF power 34) using a control switch (not shown), such 
as a foot pedal, to apply high frequency electrical energy to the radial wires 20. In 
embodiments of the invention, the electrosurgical generator can operate at about 100 
KHz (0.1 MHz) to about 10 MHz. In one embodiment of the invention, the 
electrosurgical generator (such as RF power source 34) can operate at about 300 KHz 
to about 1500 KHz (1.5 MHz), specifically, about 600 KHz to about 1000 KHz (1 MHz), 
most preferably about 800 KHz (0.8 MHz). Power output for such an electrosurgical 
generator can be about 50 to about 150 watts, preferably, about 80 to about 100 watts. 
Where tissue coagulation is desired, greater amounts of power output may be supplied. 
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As the radial wires 20 contact the tissue, the contacted tissue is ablated, allowing 
extension of the radial wires 20 through the tissue without causing undesired motion of 
the wand 110 and without deforming or displacing the surrounding tissue. In the 
extended configuration, the radial wires 20 anchor the electrosurgical system 10 into 
place, preventing motion or displacement from the desired site. As can be seen from 
the two depictions of the radial wires 20 in Figure 4, the amount of extension of the 
radial wires 20 may vary, either depending upon their intended use (as anchor wires or 
as ablation wires, for example) or the extent of deployment may be controlled as 
desired by the operator, with movement of the radial wires 20 effected by action of 
deployment shafts 58A and 58B. The radial wires may be completely housed within 
shaft 14, as is desirable, for example, during the initial insertion of wand 110 and 
passage through the tissues of the patient before arrival at the final desired site within 
the patient's body. 

In preferred embodiments, side-cutting electrode 28 lies along shaft 14 when not 
deployed. In alternative embodiments, side-cutting electrode 28 may be housed in 
shaft 14, and of being extended in a substantially radial direction to deploy from a slot 
to form an arcuate electrode. 

During deployment of the side-cutting electrode 28, RF power may be supplied 
to the side-cutting electrode 28 to facilitate its travel through the patient's tissues. In 
accordance with the use of conventional electrosurgical apparatus, the operator 
activates an electrosurgical generator (such as the source of RF power 34) using a 
control switch (not shown), such as a foot pedal, to apply high frequency electrical 
energy to the side-cutting electrode 28. In embodiments of the invention, the 
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electrosurgical generator can operate at about 100 KHz (0.1 MHz) to about 10 MHz. In 
one embodiment of the invention, the RF power source 34 can operate at about 500 
KHz to about 10,000 KHz (10 MHz), preferably, about 2500 KHz to about 7500 KHz 
(about 2.5 MHz to about 7.5 MHz), most preferably about 5000 KHz (5 MHz). Power 
output for such an electrosurgical generator can be about 100 to about 1000 watts, 
preferably, about 120 to about 500 watts. Where tissue cauterization is desired, greater 
amounts of power output may be supplied. As the side-cutting electrode 28 contacts 
the tissue, the contacted tissue is ablated, allowing extension of the side-cutting 
electrode 28 through the tissue without causing undesired motion of the shaft 14 or of 
wand 1 10 and without deforming or displacing the surrounding tissue. The side-cutting 
electrode 28 is effective to cut tissue and also to cauterize tissue when a suitable 
amount of RF power is supplied to the side-cutting electrode 28. 

The side-cutting electrode 28 may be used to cut a path through tissue effective 
to isolate a portion of the body tissue of a patient. When the shaft 14 is in a desired 
site within a patient's body, tissue that is the object of interest, such as tissue to be 
taken for a biopsy sample, is located adjacent or near to shaft 14. The side-cutting 
electrode 28 may be deployed to a variable extent, that is, to a greater or lesser 
maximal radial distance from shaft 14 as desired by the operator. A desired maximal 
radial distance is one where the radius of the arc of the side-cutting electrode 28 is 
greater than the distance of the tissue of interest from shaft 14, and, when rotated 
around longitudinal axis 24, defines a shape that is substantially a spheroid enclosing 
the tissue of interest. Application of RF power to the side-cutting electrode 28, 
retraction of the radial wires 20 and rotation of the side-cutting electrode 28 around 



Docket No. 26684-1190 



- 43 - 



longitudinal axis 24 is effective to cut a substantially spherical or ellipsoidal passageway 
to form boundary cut 86 through a portion of the patient's body tissue. Such rotation of 
the side-cutting electrode 28 around longitudinal axis 24 while the side-cutting electrode 
28 is deployed and connected to and receiving RF power, with radial wires 20 retracted, 
5 is effective to provide boundary cut 86 within the patient's body, effective to isolate the 
tissue of interest 88 from body tissue that is located farther from shaft 14 than the side- 
cutting electrode 28. The power supplied to the side-cutting electrode 28 may be 
y , sufficient to cut tissue or greater power may be used effective to coagulate the tissue 
5 adjacent boundary cut 86 that is cut by the side-cutting electrode 28. As disclosed 
0tb above, preferred RF power for the side-cutting electrode 28 is supplied by RF power 

sse: 

W source 34 preferably at a frequency of about 5 MHz, although RF power in a frequency 

- range of between about 2.5 MHz to about 7.5 MHz, and in a range of between about 

w 

ffj 0.1 MHz to about 10 MHz is also within the scope of the invention. 

q in addition to wand 110, surgeon's disposable unit 1 20, motor unit 1 30, and 

fij! 

15 manual handle 140, the invention comprises methods of accessing target tissue, and of 
isolating tissue, of performing a biopsy on target tissue at a desired site within a patient, 
and of performing a lumpectomy on a breast of a patient. 

A method of accessing target tissue at a desired site within a patient's body 
comprises providing an electrosurgical device or wand 110, positioning the 

20 electrosurgical electrode 1 8 of the device 1 1 0 in contact with the patient's body, 
supplying high frequency electrical current to the electrosurgical electrode 18 while 
advancing the distal end 16 of the device 1 10 into the patient and through the site of 
target tissue, expanding the elongated members of an anchoring mechanism 
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(preferably radial wires 20) to penetrate the surface of the target tissue in order to fix 
the device 1 10 with respect to the target tissue site, expanding the cutting element of 
the side-cutting mechanism 28 into the target tissue, and rotating the cutting element of 
the side-cutting mechanism 28 about a longitudinal axis 24 of shaft 14 of the device 110 
to form a body of target tissue 88. In one embodiment of the method, the skin of the 
patient may be first cut to expose subcutaneous tissue before supplying high frequency 
electrical current to the electrosurgical electrode 18 while the electrosurgical electrode 
18 is advanced through the tissue of the patient. 

A method of performing a biopsy on target tissue at a desired site within a 
patient comprises providing a device 110 of the invention, positioning the 
electrosurgical electrode 18 in contact with the patient's body, supplying high frequency 
electrical current to the electrosurgical electrode 18 while advancing the distal end 16 of 
the device 110 into the patient and through the site of target tissue, expanding the 
elongated members of the anchoring mechanism, such as radial wires 20, to penetrate 
the surface of the target tissue in order to fix the device with respect to the target tissue 
site, expanding the cutting element of the side-cutting electrode 28 into the target 
tissue, rotating the cutting element of the side-cutting electrode 28 about a longitudinal 
axis 24 of the shaft 14 of the device 1 10 to form a body of target tissue 88, and 
withdrawing the biopsy device 110 with the body of target tissue 88 from the patient. 

A method of performing a lumpectomy on a breast of a patient comprises 
providing a device of the invention 110, positioning the electrosurgical electrode 18 of 
the device 1 10 in contact with the patient's breast tissue, supplying high frequency 
electrical current to the electrosurgical electrode 18 while advancing the distal end 16 of 
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the device 110 into the patient's breast tissue and through the site of target tissue, 
expanding the elongated members of the anchoring mechanism, such as radial wires 
20, to penetrate the surface of the target tissue in order to fix the device with respect to 
the target tissue site, expanding the side-cutting electrode 28 of the side-cutting 
mechanism into the target tissue, rotating the side-cutting electrode 28 of the side- 
cutting mechanism about a longitudinal axis 24 of shaft 14 of the device 1 1 0 to form a 
body of target tissue 88, and withdrawing the device 110 and the body of target tissue 
88 from the patient's breast. 

In the practice of these methods, including the method of performing a biopsy on 
target tissue at a desired site within a patient and the method of performing a 
lumpectomy on a breast of a patient, the electrical current supplied to the 
electrosurgical electrode may be at a frequency of about 0.1 MHz to about 10 MHz; 
more preferably about 0.3 to about 1.5 MHz, and most preferably at a frequency of 
about 0.8 MHz. The elongated members of the anchoring mechanism, such as radial 
wires 20, may be formed of electrically conducting material and high frequency 
electrical current is preferably supplied to the elongated members of the anchoring 
mechanism while they penetrate the surface of the target tissue. In the practice of the 
methods, the electrical current supplied to the radial wires 20 may be at a frequency of 
about 0.1 MHz to about 10 MHz; more preferably about 0.3 to about 1.5 MHz, and most 
preferably at a frequency of about 0.8 MHz. The electrical current supplied to the side- 
cutting electrode 28 of the side-cutting mechanism may be supplied at a frequency 
greater than the frequency of the electrical current supplied to the electrosurgical 
electrode 18. In the practice of the methods, the electrical current supplied to 
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elongated electrode of the side-cutting mechanism 28 may be at a frequency of about 
0.1 MHz to about 10 MHz; more preferably about 2.5 to about 7.5 MHz, and most 
preferably at a frequency of about 5 MHz. The side-cutting electrode 28 of the side- 
cutting mechanism may be expanded to an arcuate shape that upon rotation about the 
axis 24 of the shaft 14 is effective to isolate a body of target tissue 88 that is spherical 
or substantially spherical. Following isolation of the target tissue 88, the radial wires 20 
may again be deployed, fixing the target tissue 88 to the device 110 effective to remove 
the target tissue 88 along with the removal of the device 1 10 from the patient's body. 

In a further embodiment of the invention, the shaft 14 of wand 110 may be 
withdrawn from the passage 84 that provides access to the desired site in the patient's 
body, and another device inserted into the passage. For example, a biopsy device may 
be inserted along the passage 84 to remove a biopsy sample. A biopsy device may be 
advantageously of the type described in U.S. Patents Nos. 5,526,822; 5,649,547; 
5,775,333; and 5,928,164, the disclosures of which are incorporated herein by 
reference. In preferred embodiments of the method in which a biopsy device is inserted 
along the passage, a biopsy device such as a Mammotome® with a sampling chamber, 
is inserted into the passage, so that the sampling chamber is aligned with the target 
tissue, until the sampling chamber of the biopsy device is exposed within the target 
tissue mass 88 and the biopsy sample taken. Alternatively, the wand 110 may 
comprise a biopsy device. 

In addition, it is often desirable to place markers to identify the location from 
which biopsy samples were taken. The methods disclosed herein contemplate the use 
of such markers in conjunction and combination with other methods of the invention for 
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accessing target tissue at a desired site within a patient and isolating a body of target 
tissue, for performing a biopsy on target tissue at a desired site within a patient, and for 
performing a lumpectomy on a breast of a patient. If tests on the sample indicate that 
surgery is called for to remove tissue from the biopsy site, the markers identify the 
location of the site using x-rays, ultrasound, or other imaging techniques, to permit the 
surgeon to remove the appropriate tissue. In some instances, it may be desirable to 
mark the location from which the biopsy samples were taken with a permanent marker. 
This may be appropriate when the examination determines that the tissue taken at the 
biopsy site was benign. Doctors may find it helpful to identify in subsequent 
examinations of the patient that the suspect tissue mass has previously been 
examined, and determined not to require further biopsy. Location markers for such 
purposes are typically permanent, but they may alternatively be temporary, designed to 
be absorbed into the body in a few weeks to a few months. Permanent markers may 
include metal clips that are visible with x-rays. Temporary markers may be formed of a 
biocompatible, radio-opaque gel that is absorbed over time in the body tissue. Both 
temporary and permanent markers are described in previously noted U.S. patent 
application number 09/343,975, filed June 30, 1999. 

A marker insertion device for placing such markers may be guided through 
passage 84 created by wand 110 and used to install a permanent marker, such as, for 
example, a metal clip. Other devices or materials may be inserted into or through the 
passageway created by the use of wand 110. For example, a surgical dye and/or a 
hemostatic agent may be injected, as discussed above, or a coagulation device, such 
as the electrosurgical unit, may be inserted. 
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At the conclusion of all procedures requiring access to the desired site within a 
patient's body and the tissue surrounding it, the wand 110 may be removed from the 
patient's tissue, or, if another device or devices have been inserted into the passage 84 
created by wand 110 after removal of wand 110, these devices are removed. The 
5 incision is then appropriately closed. 

Those skilled in the art will recognize that various modifications may be made to 
the specific embodiments illustrated above without departing from the spirit of the 

u present invention. For example, it will be understood that although radial wires 20 and 

CP 

Cj side-cutting electrode 28 comprise preferred embodiments of anchoring mechanisms 

fi 

OPo and side-cutting mechanisms of the invention, the invention is not intended to be limited 
fl to these embodiments alone, but to include variants and alternative embodiments as 

well, as one of ordinary skill in the art will appreciate that other embodiments of the 
m anchoring mechanism and side-cutting mechanism, including alternative shapes of 

|| these elements, are also suitable for the practice of the invention. Such alternative 

fill 

15 embodiments of, for example, anchoring devices, may include hooks, barbs, fins, glues, 

and other means suitable to serve as an anchoring mechanism and are within the 

scope of the invention. 

In addition, it will be recognized that additional steps may be added to the 

procedure described above, depending on the specific needs of the patient. These and 
20 other modifications that may suggest themselves are considered to be within the spirit 

and scope of the invention, as defined in the claims that follow. 
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